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By I. A. F. Laing, Senior Research Officer,
Irrigation and Water Resources Branch
The amounts and frequency of runoff from
unimproved farmland catchments in Western
Australia's cereal and sheep districts are
notoriously variable and unreliable. As a result
many farmers have constructed improved
catchments to ensure better reliability of farm
dams for livestock and homestead water
supplies.
Improved catchments which are used
extensively on these farms are all of the
compacted or bare-earth type. These include
roaded catchments, flat batter dams and, to a
lesser extent, scraped catchments. This article
mainly discusses roaded catchments, the most
common of the improved catchment types on
farms. Other types include rock and bitumen
catchments which have both been used
successfully by the Water Authority of Western
Australia as sources of good quality runoff for
isolated tank storages throughout the
wheatbelt.
Median annual runoff percentages for different
catchment types are shown in Table 1. Annual
runoff percentages from bitumen and rock
catchments have been estimated by the
Hydrology Branch of the Water Authority; and
for uncleared, farmland, roaded and bitumen
catchments by the Department of Agriculture.

Roaded catchments
Roaded catchments consist of parallel ridges of
bare, compacted soil with steep side slopes.
They are designed to give significant runoff from
low intensity rainfall, especially where
unimproved farmland catchments have poor
runoff characteristics.
More than 4000 roaded catchments, with an
average area of 1.5 hectares, are in use on farms
in this State.
The number of roaded catchments has
increased dramatically since the 1969-70
drought in the southern wheatbelt. The rapid
rate of adoption of roaded catchments is not
surprising considering that the 1969-70 drought
occurred in districts where little usable
groundwater exists, and almost all farms rely
heavily on farm dams for livestock water supply.
The benefits of improved catchment technology
and guarantee of a reliable water supply
outweigh the capital costs, loss of production
from the catchment area, and the essential
maintenance needs.

Table 1. Median annual runoff percentages for
different catchment types in the agricultural
area—average annual rainfall 300 to 600 mm
Catchment type

• Newly constructed
roaded catchment and dam
east of Mollerin, filled with
water after only one winter.

Median annual runoff
Average annual rainfall

%
Uncleared
Farmland
Roaded
Rock
S° C K
Bitumen
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• V-notch for measuring
roaded catchment runoff at
Newdegate Research
Station.
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Runoff from r o a d e d a n d farmland
catchments
Rainfall and runoff data have been recorded
from roaded catchments at Lake Grace and at
Newdegate since 1974. Over an eight-year
period the Lake Grace catchment has given 28
per cent runoff (runoff as a percentage of
rainfall) and the Newdegate catchment 31 per
cent. The annual values ranged from 21 per cent
to 34 per cent for Lake Grace, and from 21 per
cent to 41 per cent for Newdegate. The longterm average annual rainfall for both sites is 355
millimetres.
The Lake Grace catchment has a greater area,
a lighter (more sandy) soil texture and a less
dispersive soil. These factors could each
contribute to the lower runoff percentage from
the Lake Grace catchment compared to the
Newdegate catchment. Of the two, the
Newdegate catchment is regarded as being
more typical of roaded catchments on farms.
A different measure of catchment efficiency or
runoff-generating potential, other than the
simple percentage runoff presented previously,
is used in the DAMCAT model. DAMCAT is a
computer model of a water supply system based
on a farm dam, a roaded catchment and a flock
of sheep. The model requires daily rainfall data
as input. To estimate catchment runoff,
DAMCAT uses a daily threshold value which is
that part of the daily rainfall that does not reach
the dam. For the Lake Grace and Newdegate
roaded catchments, the DAMCAT daily
thresholds are 8.1 mm and 7.4 mm respectively.
Since 1974 rainfall and runoff data have also
been recorded from Holland's farmland
catchment at Newdegate. Holland's catchment
has an area of 38.8 ha and consists mainly of
shallow duplex soils (0.1 metre of loamy sand
overlying tough sandy clay subsoil) in a gently
undulating topography. The overall slope on the
catchment is 2 per cent. The catchment has
been farmed for more than 50 years and before
clearing it grew salmon gum and mallee
eucalypts. Its present land-use is a rotation of
one year in annual cereal crop and one year in
annual ryegrass pasture. Holland's catchment is
regarded as having high runoff potential in
comparison to other farmland catchments in
that district. The long-term average annual
rainfall is 340 mm.
A summary of eight years of annual rainfall and
runoff data for Newdegate roaded catchment
and Holland's farmland catchment at
Newdegate is shown in Table 2. A much greater
proportion of rainfall was converted to runoff on
the roaded catchment compared to the
farmland catchment. Over the eight-year period
the roaded catchment gave 31 per cent runoff,
compared with only 4.4 per cent runoff from the
farmland catchment.

Reliability of runoff
A probability analysis of the annual runoff data
allows us to estimate the reliability of runoff
from both roaded and farmland catchments, or
the likelihood of exceeding a particular runoff
amount in any year (Table 3).
The reliability of catchment runoff is given as
the number of years in 100 years that a
particular volume of runoff would be exceeded.
In 90 years out of 100, the 3.6 ha roaded
catchment would give more than 2 300 cubic
metres of annual runoff, compared with 400
cubic metres from the 38.8 ha farmland
catchment. The farmland catchment would only
give more than 2 300 cubic metres of annual
runoff in 55 years out of 100, that is with much
less reliability than the roaded catchment.
'Wet' y e a r s
Table 3 also shows the differences in annual
runoff amounts resulting from farmland
catchments between the 'driest' ten per cent of
years and the 'wettest' ten per cent of years. In
the 'wettest' ten years out of 100, the farmland
catchment will produce more than 20000 cubic
metres of runoff, compared with less than 400
cubic metres produced in the 'driest' ten per
cent of years.
Can farm d a m s c o n t r o l flooding?
The figures in Table 3 also show that it would
not generally be feasible to construct farm dams
to control floods in the wheatbelt. If we assume
that Holland's farmland catchment is
representative of the rest of the land, then a
20 000 cubic metre dam would be needed for
every 40 ha to store the annual runoff expected
in ten years out of every 100. Adequate water
supplies for livestock and homesteads can
generally be provided by allowing up to 2 000
cubic metres of dam storage for every 40 ha.
Ten times that capacity would be needed to
accommodate the likely 'wet' year runoff.
D o roaded c a t c h m e n t s c a u s e flooding?
From Table 3 it can be seen that in ten years
out of every 100, the 3.6 ha roaded catchment
will contribute more than 5 400 cubic metres of
annual runoff, and the 38.8 ha farmland
catchment will contribute more than 20000
cubic metres. The farmland catchment
contribution is even greater at lower frequency
of recurrence; for example, more than 30000
cubic metres would be expected in six years out
of every 100.
These figures show that roaded catchments
have little effect on the periodic flooding that
occurs in the wheatbelt. Their contribution is
insignificant compared to the large volumes of
water shed by farmland catchments in 'wet'years.
This brief analysis of flooding has only
considered annual volumes or amounts of
runoff, and no account has been made of rates
of runoff. Probability analyses of rates of runoff
from roaded and farmland catchments have
shown that in 'wet' years, and in floods,
farmland catchments produce much greater
rates of runoff than roaded catchments.
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Table 2.

Summarv of c a t c h m e n t rainfall and runoff data
Holland's farmland
catchment, Newdega e
38.8 ha

Newdegate roaded
catchment
3.6 ha
Available
rainfall
record

Year

1975
1976
1977
1978
1979
1980
1981
1982
Eight-year average

Runoff

Runoff
Rainfall

Available
rainfall
record

Runoff

mm

mm

306
352
251
320
250
357
257
260
294

6.1
27.8
0.2
23.8
4.2
6.0
25.1
9.5
12.8

mm

mm
340
407
268
391
262
323
311
368
334

114
166
57
135
59
78
104
114
103

33.5
40.8
21.3
34.5
22.5
24.1
33.4
31.0
31.0

Runoff
Rainfall

2.0
7.9
0.1
7.5
1.7
1.7
9.8
3.7
4.4

'
Individual s t o r m data
Rainfall and runoff data for some individual
storms from the roaded and farmland
catchments at Newdegate are shown in Table 4.
The different storms represent a range of rainfall
amounts, intensities and seasonal incidences.
Although there was generally less rainfall
registered at the farmland catchment than at the
roaded catchment, there were dramatic
differences in runoff between the two
catchments. The roaded catchment produced
significant percentages of runoff from small
storms on July 24, 1976 and August 10, 1977;
whereas the farmland catchment required a
large storm or prolonged rainy period to give
more than 5 per cent runoff, as in February and
August 1976.

Table 3. Number of y e a r s in 100 y e a r s that runoff is e x p e c t e d t o e x c e e d the
v o l u m e s given
Runoff reliability
Holland's farmland
Newdegate roaded
c a t c hment, Newdegate.
catchment, 3.6 ha
™ „.

Annual
runoff
volume

NI

cubic metres

years out of 100

years out of 100

400
1000
2000
2300
3000
4000
5000
5400
10000
20000
30000

99
99

90
77
59
55
49
41
35
33
20
10
6

%

90
72
38
16
10
less than 1
less than 1
less than 1

Table 4. S e l e c t e d s t o r m d a t a from N e w d e g a t e r o a d e d c a t c h m e n t and Holland's farmland c a t c h m e n t ,
Newdegate
Farmland catchment
R o aded catchment
Date
Holland's, Newdegate
Newdegate
Runoff
Runoff
Runoff
Rain
Rain
Runoff
Rain
Rain
mm

mm

o/

mm

mm

%

1975
July 27 and 28
1976
February 27 and 28
May 20
July 24
August 13
August 13, 14, 15

36.7

19.7

54

20.7

0.8

4

88.2
20.4
13.8
5.4
65.9

65.9
9.3
2.7
0.4
43.4

75
46
20
8
66

81.6
14.7
10.0
6.0
49.0

11.8
0
0
0
13.7

14
0
0
0
28

1977
June 14
August 10

19.9
12.4

8.8
7.8

44
63

12.5
7.1

0
0.2

0
3

Further reading
• Roaded catchment
design and construction.
Farmnote No. 109/84.
D. Agric. W. Aust.
• Laing, I. A. F. and
Madin, R. W. Roaded
catchments—Maintenance.
Farmnote No. 129/84.
D. Agric. W. Aust.
• Negus, T. R. How to
build roaded catchments
with a road grader.
Farmnote No. 56/85.
D. Agric. W. Aust.
• Rural water supplies in
Western Australia—a
perspective to the year
2000.
D. Agric. W. Aust. Division
of Resource Management,
Technical Report No. 25.
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